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In people’s traditional concept, elements detection only consists of qualitative, 
semi-quantitative and quantitative analysis. But with the rapid development of science 
and technology, people’s awareness has been growing continuously. More and more 
scientific researchers begin to realize that for many elements, only determining total 
concentration is not enough, and sometimes leads to erroneous conclusions. The 
example of arsenic is just the case: in many types of seafood arsenic exists in the form 
of nontoxic organic arsenic while inorganic arsenic is highly toxic, and to a degree 
that depends on its oxidation state. Thus it can be seen that chemical speciation of 
elements directly influences their properties, such as toxicity, bioactivity, 
environmental impact, etc. As a result, elemental speciation analyses have been 
employed in a wide range of disciplines. No matter clinical and medicinal chemistry, 
environmental science, or geology, bioinorganic chemistry and others, has been 
devoting great effort in the very important area of elemental speciation analysis. 
Up to now, for most sample system, speciation analysis of particular elements 
has been being conducted by solution-based analytical techniques. Normally, samples 
are firstly dissolved and separated by chromatography or electrophoresis depending 
on the differences in polarity or electrical property between various components. Later, 
qualitative or quantitative analysis of each component is conducted using atomic 
spectrometry such as atomic absorption, emission, fluorescence spectroscopy (AAS, 
AES, AFS), and mass spectrometry (MS). Although the hyphenated technique has 
unique advantage in the area of speciation analysis considering its detection limit, 
selectivity and stability, it has gradually fade out of people’s field of vision because of 
trivial manipulation, long processing time, and the presence of foreign contaminants. 
Besides, as the hyphenated technique requires external standard and can not be used 
in real-time on-line analysis, methods involving direct analysis of solids attract the 
most attention. 















MS were once used to conduct direct speciation analysis of solid samples. Using the 
XRF method, direct speciation could be carried out through investigation of energy 
shifts or intensity ratios of fluorescence lines. However, these methods are nor able to 
distinguish oxides from salts because the detection of line energy, width, or intensity 
ratios lead to nearly identical results. In contrast, an MS method would not suffer 
from these problems, as the mass spectrum of binary salts, oxides, and oxysalts could 
easily be identified. Nevertheless, several obvious faults exist for some MS ionization 
methods. Conventional glow discharge mass spectrometry (GDMS) uses sample 
conductivity and requires analytical grade graphite or metal powder mixtures of 
insulative oxides, which increases the time and cost of sample preparation. Although 
there are no special requirements for sample properties in secondary ion mass 
spectrometry (SIMS) analysis, the limited sputtered ions, pollutants, or the superficial 
oxide layer, which is stoichiometrically different from the bulk, often make speciation 
analysis complicated. Thus, before the acquisition of SIMS data, a pre-sputtering step 
may be necessary. 
Although MS with GD and SI ionization methods are able to conduct direct 
speciation analysis of solid samples, due to the each disadvantage, they were seldom 
used in practical area. Therefore, nowadays most MS is coupled with laser ionization 
method to analyze solid samples. As a powerful analytical technique and due to its 
versatility, laser ionization mass spectrometry (LIMS) has much wider range of 
application and is more welcome than GDMS and SIMS. Several excellent studies 
have been conducted on oxide differentiation by LIMS so far. However, the studies 
were conducted with laser irradiation less than 108 W/cm2, which indicates that the 
laser-target interaction mechanism probably involves a desorption-ionization process 
accompanied by the emission of isolated neutrals, ions, and electrons. In this thesis, 
with laser irradiation more than 1010W/cm2, we conducted direct speciation analysis 
of metal elements in iron oxides and cobalt oxides using home-built laser ionization 
orthogonal time-of-flight mass spectrometer (LI-O-TOFMS). Also a potentially 
different ionization mechanism compare with the previous studies was shown.  















Chapter 1 firstly introduces the concept and meaning of elemental speciation 
analysis, then detailedly summarizes the methods for speciation analysis at present, 
and presents the background and profound significance of this project. 
Chapter 2 mainly conducts an introduction of the structure, principle and later 
modification, optimization process of the home-built LI-O-TOFMS. Besides, the 
interaction mechanism between laser and sample with different laser irradiation was 
discussed. 
Chapter 3 shows the application of high irradiance LI-TOFMS in the speciation 
analysis of iron oxides. The influence of operating parameters such as laser 
wavelength, laser irradiance and pressure in ionization chamber on the distribution of 
cluster ions was investigated, and their mechanism of formation was discussed when 
laser irradiance is higher than 1010W/cm2, The advantage of high irradiance 
LI-TOFMS for speciation analysis is obvious when compared with laser desorption 
TOFMS. 
Chapter 4 shows the application of high irradiance LI-TOFMS in the speciation 
analysis of cobalt oxides. The method of ions ratio calculating is also suitable here.  
Chapter 5 summarize the research in speciation analysis of oxides conducted 
using LI-TOFMS and discusses the faults or disadvantages in the work. Also, the 
researches need to be done in the future is suggested. 
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学联合会（IUPAC）于 2000 年统一规定了痕量元素形态分析的定义（IUPAC 
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